Introduction
Chiral secondary alcohols are important structures present in natural products and in many pharmaceutical compounds, and are also precursors for many other complex organic molecules [1] . Hence, there is need to develop new methods for making chiral secondary alcohol. Asymmetric catalysis has been a powerful tool to obtain enantiomerically pure or enriched alcohols, mainly by nucleophilic additions to carbonyl compounds [2] . Several and efficient chiral ligands have been used, alone or in the presence of Lewis acids. These include amino alcohols [3-6], α-hydroxy acids [7] , α-amino amides [8] , α-hydroxy amides [9] , and hydroxysulfonamides [10] [11] [12] [13] [14] .
Our group has recently reported the preparation of bis(sulfonamide) 1, containing (11R,12R)-11,12-diamino-9,10-dihydro-9,10-ethanoanthracene as carbon skeleton [15] . The bis(sulfonamide) 1 was used as ligand in the asymmetric alkylation of prochiral ketones with diethyl zinc in high yield and enantioselectivities up to 99% ee (Figure 1 ).
Subsequently, König et al. [16] described the synthesis of novel tetradentate sulfonamide ligands and used them in the catalytic asymmetric alkylation of aldehydes with diethylzinc. Quantitative yields of the corresponding secondary alcohol and good asymmetric induction (70% yield and 74% ee) were obtained with ligands 2a-b.
Somanathan et al. [17] [18] reported the use of monosulfonamide ligand 3a-b, derived from trans-(1R,2R)-cyclohexane-1,2-diamine, in the asymmetric transfer hydrogenation of aromatic ketones. Enantioselectivities ranged from 70 to 99% and good yields for the synthesis of 1-phenylpropanol derivatives were achieved.
Recently Hirose [19] and co-workers described the synthesis of chiral 1,3-amino sulfonamides, 4, 5.
They were prepared from (-)-cis-2-benzamidocyclohexanecarboxylic acid and studied by tested as ligands for catalytic enantioselective addition of diethyl zinc to aldehydes. They provided secondary alcohols in quantitative yields and in good to excellent enantioselectivities (up to 98% ee).
These reports prompted us to prepare the monosulfonamides 6-12, 15 and 16 and to test their catalytic activity. First, Synthesis of New Chiral Monosulfonamides Prepared from (11R,12R)-11,12-Diamino-9,10-dihydro-9,10-ethanoanthracene 55 the ethylation of benzaldehyde was performed in the presence of diethylzinc. Second, monosulfonamides 6-10 were tested in the asymmetric induce hydrogenation (ATH) of acetophenone with Rh(Cp*)L* complex.
Results and Discussion
The synthesis of monosulfonamides 6-12 were achieved from enantiopure (11R,12R)-diamino-9,10-dihydro-9,10-ethanoanthracene [20] . (11R,12R)-Diamine (1 equiv) was treated with sulfonyl chlorides (1 equiv) in DCM at 0 o C in the presence of triethylamine. Monosulfonamides 6-12 were obtained in good yields (62-90%) after column chromatography purification on silica gel [Hexane:EtOAc; 1:5]. (Table 1) .
Preparation of monosulfonamides 13-16
The reaction of (11R,12R)-diamine 17 with (S)-camphorsulfonyl chloride, under the same reaction conditions, afforded ketone 13 in 70% yield. The reduction of ketone 13 with NaBH 4 , gave a mixture of two diastereomeric alcohols in a 5.3:1.0 ratio exo-exo:exo-endo in 69% yield. The major diastereomer 15 was isolated in 58% yield by flash chromatography purification (Scheme 1).
On the other hand, the preparation of ketone 14 was performed using (11S,12S)-diamine-18 and (S)-camphorsulfonyl chloride. After purification by column chromatography, the desired ketone was obtained in 76% yield. Ketone 14 was reduced with NaBH 4 to provide a mixture of alcohols in a diastereomeric ratio of 8.0:1.0. The major exo-exo alcohol 16 was isolated in 67% yield, after flash chromatography purification (Scheme 2).
Enantioselective addition of diethylzinc to benzaldehyde
Chiral monosulfonamides 6-12, 15 and 16 were tested as ligands in the enantioselective addition of diethylzinc to benzaldehyde. The reaction was performed using 5 mol% of the corresponding optically active ligands in the presence of toluene as solvent and under solvent-free conditions. The chiral zinc catalyst was generated in situ upon the addition of 2.0 equivalents of diethylzinc to the corresponding chiral monosulfonamide. 1-Phenylpropan-1-ol was obtained in moderate to good yields (in toluene 55-95%, under solvent free conditions 47-92%) and low to moderate enantioselectivities (in toluene 4-52%, under solvent free conditions 8-56%). We found that the presence or Table 1 . Synthesis of the monosulfonamide ligands derived from (11R,12R)-diamino-9,10-dihydro-9,10-ethanoanthracene. absence of solvent did not lead to significant improvements. Monosulfonamide 8 (Table 2 ) gave the best yields and enantioselectivities (entries 5 and 6) ( Table 2) . Monosulfonamides 6-12 provided (R)-1-phenylpropan-1-ol as major enantiomer; however monosulfonamides 15 and 16 afforded the alcohol with the opposite configuration ( Table 2 ). The transition state for alkylation of benzaldehyde with diethylzinc is show in (Figure 2 ) [23] .
Asymmetric induced hydrogenation with rhodium complex as ligands 6-10
Next, we performed the catalytic enantioselective reduction reaction using ligands 6-10, in the asymmetric induced hydrogenation of acetophenone with a rhodium complex (Table  3) . A mixture of the metal precursor [RhCl 2 (Cp*)] 2 and the monosulfonamide was heated in water to form the Rh(Cp*)L* complex. Then sodium formate and acetophenone were added to form the 1-phenyl-1-ethanol. The reaction proceeded with low to moderate results (10-34% yield and 3-42% ee). Best enantioselectivity was achieved with ligand 10 (42% ee, entry 5) ( Table 3 ). The transition state for ATH of aromatic ketones is show in (Figure 3 ). In our previous study [21, 22] we found that the dihedral angle N-C-C-N is critical in obtaining maximum overlap, in order to get good yields and enantioselectivities. The dihedral angle calculations were carried out by B3LYP density functional level of theory, using a cc-pVDZ basis set calculations. The angles N-C-C-N of ligands 6, 7, 8, 9, and 10 were found to be in the range of 114.16 to 116.96°, compared to 59° observed for monosulfonamide of 1,2-cyclohexane diamine. Synthesis of New Chiral Monosulfonamides Prepared from (11R,12R)-11,12-Diamino-9,10-dihydro-9,10-ethanoanthracene
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Conclusion
In conclusion, we have described an easy and simple synthesis of different chiral monosulfonamides from (11R,12R)-diamino-9,10-dihydro-9,10-ethanoanthracene in good yields (62-90%). They have been used as zinc-based catalysts in the enantioselective addition of diethylzinc to benzaldehyde with high yield (94%) and moderate ee (56%). We also evaluated the potential of these ligands as catalysts in the asymmetric enantioselective reduction in the ATH of acetophenone with Rh(Cp*)L* complex. We observed low conversion (10-34%) and low enantioselectivities (3-42%).
These results clearly indicate that the monosulfonamides derived from (1R,2R)-cyclohexane-1,2-diamine are more stereoselective than those prepared with (11R,12R)-diamino-9,10-dihydro-9,10-ethanoanthracene. Based on these results, we are working on the design of new chiral sulfonamides based ligands that display better stereoinduction.
Experimental
All manipulations involving diethylzinc were carried out under argon atmosphere. Benzaldehyde was distilled prior to use. NMR spectra were obtained on a Varian 200 MHz. Fourier transform spectrometer. 1 H NMR spectra were referenced to tetramethylsilane; 13 C{ 1 H} NMR spectra were referenced to residual solvent.
General procedure for synthesis of monosulfonamides 6-14
To a solution of enantiopure 11,12-diamino-9,10-dihydro-9,10-ethanoanthracene (300 mg, 1.3 mmol) in CH 2 Cl 2 (10 mL) and triethylamine (0.5 mL, 1.3 mmol) at 0 °C a sulfonyl chloride solution was added dropwise (300 mg, 1.3 mmol) in CH 2 Cl 2 (10 mL) over 60 min. After the addition was completed, the mixture was allowed to warm to room temperature. After being stirred for 5 h, the mixture was washed with water (3 x 50 mL). The organic phase was separated and dried over NaSO 4 . The solution was filtered and the solvent was removed under vacuum, the crude product was purified by flash chromatography on silica gel, (Hexane/EtOAc 1:5 as eluent). 
General procedure for synthesis of ligands 15 and 16
In a 100 mL flask ketone (300 mg, 0.67 mmol) was dissolved in a mixture solvent (40 mL, MeOH/ THF = 4:1). Next NaBH 4 (180 mg, 4.6 mmol, 7 equiv) was added slowly. The mixture was stirred for another 4 h. The reaction mixture was quenched with saturated aqueous ammonium chloride, and the solid was filtered. The filtrate was extracted with CH 2 Cl 2 (3 × 50 mL). The organic phase was washed with water and was dried over NaSO 4 . The solvent was removed under vacuum; the crude product was purified by flash chromatography on silica gel (Hexane/EtOAc 7:3 as eluent). General procedure for the asymmetric diethylzinc addition to benzaldehyde The ligands 6-12, 15 and 16 (5 mol %) were weighed into the reaction vessel that was then purged with nitrogen, and dissolved in toluene (3 mL). Diethylzinc (1.0 M in hexane, 2.0 equiv, 0.94 mL) was then added at rt. After 10 min, benzaldehyde (1.0 equiv, 0.47 mmol) was added. The homogeneous reaction mixture was stirred at rt, after 20 h the reaction was quenched with water (5 mL), extracted with EtOAc (2 × 40 mL) and the combined organic layers were washed with brine, dried over NaSO 4 and concentrated in vacuo. The residue was purified by flash chromatography on deactivated silica gel (Et 3 N/SiO 2 = 2.5% v/w, Hexane/EtOAc 95:5) to afford 1-phenyl-1-propanol. The enantiomeric excess of the product was determined by HPLC analysis using a Chiracel OD column, 254 nm UV detector, 95:5 Hexane/i-propanol, flow rate 0.5 mL min, retention time (R): 14 min, retention time (S): 15 min. Specific rotations of the secondary alcohols were measured and compared with those reported on the literature to assign configuration [23] .
General procedure for the asymmetric diethylzinc addition to benzaldehyde under solvent-free conditions The ligands 6-12, 15 and 16 (5 mol %) were weighed into the reaction vessel and diethylzinc (1.0 M in hexane, 2.0 equiv, 0.94 mL) was then added at rt. After 10 min, benzaldehyde (1.0 equiv, 0.47mmol) was added. The homogeneous reaction mixture was stirred at rt. After 20 h the reaction was quenched with water (5 mL), extracted with EtOAc (2 × 40 mL) and the combined organic layers were washed with brine, dried over NaSO 4 and concentrated in vacuo. The residue was purified by flash chromatography on deactivated silica gel (Et 3 N/SiO 2 = 2.5% v/w, Hexane/EtOAc 95:5) to afford 1-phenyl-1-propanol.
The enantiomeric excess of the product was determined by HPLC analysis using a Chiracel OD column, 254 nm UV detector, 95:5 Hexane/i-propanol, flow rate 0.5 mL min, retention time (R): 14 min, retention time (S): 15 min. Specific rotations of the secondary alcohols were measured and compared with those reported on the literature to assign configuration [24] .
General procedure for the asymmetric transfer hydrogenation of acetophenone in water A mixture of the metal precursor [RhCl 2 (Cp*)] 2 (0.0039 mmol) and chiral ligand (0.00075 mmol) was heated in water (2 mL) at 40 °C for 1 h in air. HCOONa (5.7 mmol) and the substrate were subsequently added (1.14 mmol). The reaction mixture was stirred at 40 °C in air. The reaction mixture was extracted with ether (3 × 10 mL). The ether layers were combined, dried over anhydrous NaSO 4 , filtered and concentrated under vacuum. The residue containing the alcohol was acetylated using acetic anhydride. The enantiomeric excess of the product was determined by GC analysis of the acetylated alcohol with chiral capillary column β-DEX 120.
Specific rotations of the secondary alcohols were measured and compared with those reported on the literature to assign configuration [23] .
